U.S. Public Highway Construction Industry professionals are responsible for assessing and adopting new technology that can improve the cost and quality of roadways. This paper investigates features of the technology assessment and adoption process in the U.S. public highway construction industry that both facilitate and hinder responsible innovation. Often technological innovations are incongruent with current specifications, i.e., regulatory construction standards, whereby specification reform serves as a precursor to implementation. We examine this aspect of technology assessment and adoption through a novel application of Kingdon's theory of policy agenda setting to a highly technical state bureaucratic institution using a case study on Intelligent Compaction. Specification reform relating to Intelligent Compaction is occurring in nearly a quarter of U.S. states. Analysis of interviews with industry professionals revealed that institutional incentives for supporting innovations were not the main drivers for adoption, and there exists a conservative culture that inhibits change. Individuals that go against this grain by championing change do so based on their personal character, ideological affiliations and a perceived sense of social obligation, which coincides with the principles set forth in the responsible research and innovation literature. These individuals, whom we identify as Kingdon's policy entrepreneurs, appear to present themselves in four roles in this industry: explorer, pioneer, gatekeeper, and leader. Our findings indicate that alignment of these roles creates an environment conducive to responsible technology assessment and adoption, and therefore greater societal benefit. Ultimately, we hope this study will benefit U.S. Highway Construction Industry regulatory environments by enhancing identification of specification processes, key roles, and personal/ethical ideologies that may be conducive to fostering a culture of responsible innovation.
road construction requires a delicate balance between public safety and risk, under relentless fiscal constraints.
This study extends the consideration of technology assessment and adoption, which has been the focus of investigation within a number of industries, including agro-food [4] , clean energy [5, 6] and wastewater treatment [7] , to the field of highway construction. The highway construction industry presents a particularly compelling site for investigating technology assessment and adoption because (a) policy reform occurs concurrently with technology assessment and adoption -embodied by the drafting and adoption of new construction specifications, even for experimental pilot projects, and (b) the industry is highly technical, bureaucratically decentralized, and risk averse. These characteristics create a charged policy environment that faces significant hurdles in harnessing technological improvement to produce social benefits.
In order to investigate this challenging confluence of technology assessment and adoption and policy making, we engage Kingdon's [8] theory of public policy agenda setting, as demonstrated in the literature (e.g., [9] [10] [11] ) to be a powerful tool for understanding policy reform. Given that much of the literature addressing agenda setting has focused on politicized issues at the federal level [e.g., [9] [10] [11] , this application of Kingdon's theory to a highly technical and bureaucratically decentralized industry represents a novel contribution. Transportation technology policy making in the US is bureaucratically decentralized, with most technology decisions occurring at a state, and even district level. State DOT's employ a majority of technical positions, and encourage the hiring of engineers into non-engineering roles, resulting in a highly technical workforce [12] . Scholars have suggested that Kingdon's theory may be applied to such technical decision making environments, referred to as scientific-bureaucratic institutions, but have only looked at federal systems in the US [9] . Furthermore, the risk-averse nature of the highway construction industry poses considerable challenges to technology assessment and adoption, in large part due to inherent uncertainty and potential disruptions of social institutions and critical infrastructure [4] . The highway construction industry struggles particularly with emerging technologies, which are the single largest contributor to risk at a project level [13] .
In addition, we analyze the behavior of professionals in this risk-averse environment by applying concepts from the burgeoning field of Responsible Research and Innovation (RRI), which considers risks and potential rewards in the context of perceived ethical motivations and societal obligations of professionals [14] . Expanding the occupational role of engineers to include socially responsible policy making is a hallmark of responsible innovation literature [15] , but in practice, this expansion faces cultural barriers from the profession [3, 16] . The highway construction industry provides an excellent opportunity to study these tensions, testing the limits of RRI in a significant way. This paper expands on a case study of intelligent compaction (IC) [17] , discussing technology assessment and adoption processes in the highway construction sector. IC is an emerging technology for soil compaction quality assurance (QA) at various stages of adoption across the United States. IC requires the adoption of new specification policies in order to be implemented, even in the case of pilot projects. In these situations, departments of transportation (DOTs) must employ simultaneous technology assessment and policy reform to drive adoption.
Our data emerge from semi-structured interviews of industry professionals and academics and a review of technical literature. We consider the practical impact of IC on the highway construction community, in the context of owners, contractors and end-users. We are able to classify the dynamic processes of technology assessment and adoption, identify the roles of key players in the diffusion process and illuminate the critical resources and personality traits that make these players influential.
Our paper begins with an overview of Kingdon's theory. We then provide a succinct description of IC, followed by a section explaining highway construction specifications and the organizational structure of this industry. Additionally, we detail the formal process by which specifications are changed.
The third section ties together the case study and Kingdon's theory by defining the critical components of Kingdon's policy agenda setting theory in the context of highway construction specification reform. The fourth section discusses the methodology and analysis underlying this study. The final section presents insights gained through the application of Kingdon's framework and RRI concepts to the key people and processes that have played a part in the diffusion of IC.
Kingdon's Theory of Public Policy Making
Scholars and other external observers have sought to understand the manner by which public policy manifests change (e.g., [18] ). Perhaps the most widely used framework in this area is John Kingdon's Agendas, Alternatives, and Public Policies [8] , which presents a formalized approach to analyzing policy reform activities. Kingdon begins by identifying the plethora of topics associated with a given domain, which individually may or may not be paid serious attention. Of particular interest is the narrowing process by which specific issues and initiatives become selected to a decision agenda from what could otherwise be described as an infinite realm of possibilities. Kingdon's theory of public policy making establishes a framework that enables us to understand and identify the motivations and drivers behind setting the decision agenda within a given institution.
Kingdon's theoretical framework describes public policy agenda setting as a confluence of three streams: problem definition, policy solutions, and political environment. A problem must be defined to attract sufficient attention and ultimately warrant resolution. A number of policy solutions may evolve that fit certain criteria including demonstrating technical feasibility and aligning with specific problem related values. Finally, the prevailing political environment must be conducive to changes in the domain in question [10] .
Kingdon's stream analogy exemplifies the dynamism associated with each of the three components of policy formulation. These processes develop and evolve coincidentally rather than according to a formal or linear progression [10] , as borrowed from the Garbage Can model of Cohen et.
al. [19] . Policy reform results from streaming confluence under a window of opportunity opened by both specific causality as well as probabilistic serendipity [18] .
Kingdon conceptualizes the interaction of three streams in the context of decision agenda-setting and policy making at the federal level of US Government. Scholars have suggested that Kingdon's framework may, however, apply more generally to all policy environments. Kingdon's analysis approach has been applied to policy environments such as state legislative bodies (e.g., [11] ) and federal scientificbureaucratic institutions [9] . In nearly all cases, authors have ultimately identified theoretical limitations with respect to specific application outside Kingdon's original lens.
Intelligent Compaction
Intelligent Compaction is a technology used for monitoring soil compaction quality during soil compaction. We first describe the traditional practice of soil compaction and specification thereof that is common to nearly every highway project. We then explain how IC changes this activity -not just by adding a new tool, but by improving efficiency and quality of roadway construction.
Every structure that interfaces with the earth must have a mechanically stable foundation.
Roadways typically use compacted soil for this foundation. While there are several practices for compacting soil, highway construction often uses roller compactors (see Figure 1 ) because of the speed with which they can compact large tracts of soil. On a highway construction project, soil compaction must meet certain specifications that seek to ensure a mechanically stable structure. The specification of soil compaction is not entirely straightforward, due to the complex nature of soil. Highway design engineers specify foundations in terms of "stiffness." Soil stiffness reflects the resistance to vertical deflection under a given load or stress, and is measured in units of stress or force over deflection. Stiffness development through compaction is particularly important to ensure the mechanical stability of highway subgrade materials, as they are subject to repetitive traffic loading [21] .
Due to soil's mechanical complexity, there is a multitude of ways to define its stiffness, only a few of which are used in pavement design (e.g., resilient or elastic modulus). A modulus value, however, is notoriously challenging to quantify in the field. IC presents one of the first opportunities to quantify the in-situ stiffness of a soil.
In current earthwork construction, soil compaction is typically specified in terms of target density and water content (per ASTM D698 [22] ), based on the assumption that there is a phenomenological correlation between these parameters and modulus. The relationship between modulus and density/ water content is not fully understood, leaving an unresolved discrepancy between design, construction specifications, and operational performance.
There are several technologies for evaluating soil compaction. The most widely used are the Nuclear Density Gauge and Sand Cone (ASTM D5195-14 and ASTM D1556-07), which measure density and water content at discrete locations on the roadway. These methodologies provide less than 0.1% spatial coverage of the constructed soil layer, and require stoppage of construction activities that can lead to considerable delays [23] . Poor spatial coverage can lead to acceptance despite the presence of areas with insufficient compaction or water content. Contractors attempt to avoid construction delays at all costs and generally perceive soil compaction monitoring as a hindrance to progress.
IC is a machine-integrated soil compaction evaluation method that reports in real-time during construction. IC vastly improves coverage of soil testing (i.e., from <0.1% to virtually 100%) [24] ensuring a more comprehensive performance evaluation. Furthermore, IC provides real-time measurements, eliminating the delays associated with conventional spot testing techniques.
Many IC systems, including those for vibratory compaction, are correlated to the stiffness of the soil, which is more congruent with mechanistic design characteristics. One problem is that the stiffness measurements provided by these systems are not standardized between manufacturers. Each IC manufacturer has a proprietary stiffness measurement value that does not replicate any widely used stiffness parameter [25] . This lack of standardization requires site specific calibration of IC and complicates the provision of standardized specifications for IC [25] [26] [27] [28] . In effect, technology innovation (i.e., IC) requires policy innovation (i.e., a standard for stiffness measurement values that cross technological platforms). IC for vibratory compaction thus represents both a change in process and measurement quantity of a QA program specification.
Such dramatic procedural change can encounter significant resistance with respect to an institutional status quo. A NCHRP study [29] on the culture within the highway construction sector reported that institutional inertia poses a considerable barrier to innovation. This report goes on to say that several factors such as risk, economy and quality can serve to either enhance or inhibit such a process conversion.
In Colorado for example, the CDOT Field Materials Manual states that there is no intention to discourage contractors from developing and/or implementing 'better or faster methods of testing' [30] than those suggested as acceptable QA protocol or technologies. CDOT by no means, however, provides incentive to develop new testing technologies and in fact requires a complicated and rigorous approval process by both independent and federal regulatory committees [30] . This paper identifies specific pathways by which IC has begun to diffuse into becoming an accepted performance evaluation technology for QA program specification.
Highway Construction Specifications
Specifications are the primary method used by highway construction project owners to ensure that the desired level of quality of construction is achieved. Simultaneously, specifications can be barriers to innovation because of their rigidity. Here we define specifications in the context of highway construction projects and the process by which they can be changed, e.g., to allow for the adoption of an innovation. We also discuss the key players in the highway construction industry that help shape these policies.
Construction specifications provide the basis for performance evaluation, and serve as a crucial link between a construction project owner (State DOT) and construction contractor. They are coincident to all infrastructure projects, typically involving the development of a Quality Assurance (QA) Program [30] . Through QA programs, 'materials, products, and workmanship' [30] are ensured to meet specifications by providing evidence and documentation for both acceptance and archival purposes [30] .
Statewide manuals outline specifications that dictate almost every aspect of a project from the types of soils and concrete mixes used, to the spacing of rebar in bridges, to the degree of compaction of each layer of a roadway, etc.
There are several key players in the highway construction arena, as shown in Figure 2 , all of whom contribute to specification formation and implementation. State DOTs are the majority owners of almost all highway construction projects, and as such set and maintain the current specifications.
Proposed changes to the current specifications must pass DOT review, in addition to review by several external parties. Supplementary funding for highways is often provided by the Federal Highway Administration (FHWA), giving them the power to review specification changes. Each state has local chapters of the Associated General Contractors (AGC) of America that represent the interests of the contractors in a given state. The AGC is consulted to ensure that new specifications are not too onerous on contractors. In the case of special specifications, the construction contractor on the project is a key player in shaping the new policy. Other parties may play various roles on a case-by-case basis, such as academic consultants, private financial investors, etc. The state DOTs are the most important players in specification reform, often initiating reform as well as passing new policies. Therefore, it is critical to understand the state DOTs' decentralized organizational structure. State DOT organization is similar across the United States, with only minor variations from state to state. The DOTs geographically split their state into several districts that are run by district offices. These offices manage the majority of roadway construction projects, with the exception of special projects (e.g., large or complicated projects) that are managed by the central office.
The central office handles specifications, research, and funding distribution. While the district offices receive funding from the central office, they have the freedom to manage projects largely at their own discretion; although these district offices will, at times, request technical guidance from the central office, for example, in the case of innovative technologies. As we will demonstrate, this operational independence turns out to be an important feature when considering the diffusion of innovation.
Certain innovations, such as IC, are incompatible with current statewide construction specifications and require specification reform for implementation. New specifications are introduced in two phases: project specific pilot or special specifications and statewide specifications. Special specifications are a way to trial a new form of specification while limiting the risk of failure to a single project. These specifications may even be introduced as shadow specifications that are implemented in addition to existing specifications to further limit risk. Multiple special specifications may be created within a single state for a given innovation until a document general and successful enough emerges and can be adopted for statewide specification reform. Statewide specification revision differs in frequency from state to state, ranging from 1 year to 10 years. Both special and statewide specifications must be approved via a specification review committee, composed of high level officials including chief engineers and division heads.
To our knowledge, IC has yet to pass statewide specifications in any state, but special specifications for IC exist in at least 10 states. As a result, this research focuses mostly on the passage of special specifications, the crucial first step for any emerging technology in highway construction.
Defining Kingdon's Framework in Highway Construction
In order to gain insights into the technology assessment and adoption process in the highway construction industry, we can apply Kingdon's framework to specification reform for IC. This section defines the critical components of Kingdon's framework as they apply to this case study. The problem, policy, and political streams are described, as well as policy entrepreneurs and the joining of the streams.
Problem Stream
Kingdon posits that problems are defined or punctuated in response to conditions that violate social values [11] . Due to the rather compartmentalized nature of the US highway construction sector, i.e., individual state DOT dominance, value identification and consensus is far from widespread. With respect to specific values, the emergence and diffusion of IC is largely in response to perceived problems with regard to product uniformity, design specification conformity, budgetary economy, and construction quality. In fact, a particular challenge in the highway construction industry is that the interpretation of these values is largely subjective. IC provides a solution that implies a particular problem that may or may not exist, depending upon whom you ask.
Kingdon conceptualizes how a problem may be defined by discussing several indicators [8] .
Among others, problem punctuation by formal study is particularly appropriate to consider in the IC case study. He notes that research studies often serve to quantify the actual magnitude of a problem. Studies performed by academic, governmental, or non-government agencies can better characterize how the problem is defined and how significant it may or may not be. Kingdon specifically cites the effectiveness of systematic engineering studies in the case of highway and bridge repair ( [8] , p. 91).
With regards to soil compaction, there are no comprehensive studies quantifying the impact of conventional spot testing methods on highway lifecycle costs and quality. It is generally accepted that soil's heterogeneity can lead to considerable spatial variations in compaction, and that poor compaction leads to reduced roadway performance in the form of potholes, cracking, and other failures. Studies on IC have repeatedly shown the level of soil compaction to vary widely within test sites. Practitioners will admit that spot testing is highly sensitive to location. However, the extent to which monitoring related occurrences of sub-par soil compaction lead to decreased performance has not been established.
The lack of a universally accepted assessment of the perceived problem associated with IC adoption critically impacts problem stream development among key players. Kingdon acknowledges that a lack of values consensus can at times trump even scientific evidence or documentation of a viable policy alternative. Our research has specifically targeted problem punctuation mechanisms in the case of IC. Additionally, the relationship between values consensus and personal character with respect to problem punctuation is evaluated.
Policy Stream
Kingdon describes a policy "primeval soup," ([8] , p.116) in which many undeveloped ideas coexist, evolving until one or more policy alternatives gain prominence. These ideas are created by specialists within the "policy community", ( [8] , p. 117). The criteria for survival is based on their "technical feasibility" ( [8] , p.131) and "value acceptability" ( [8] , p.132), among other things [8] . Here we discuss idea generation and survival as it pertains to highway construction.
Idea generation in the highway construction policy community occurs hand-in-hand with the evaluation of technical feasibility, typically via research studies. These research studies, almost always conducted via pilot implementations, not only provide scientific evaluation of various policy ideas, many go so far as to provide explicit policy recommendations. In this regard, pilot studies become the most active contributors in the "primeval soup". For example, one of the most comprehensive research papers on IC listed as its second overall goal to provide "recommendations for using the compaction monitoring technology in practice" [26] . In another example, researchers state "Field spot tests are essential to IC implementation to provide correlation to IC measurements" [27] , and go on to suggest methodologies for these correlations. The FHWA, a main funder of IC research projects, provided an example specification based on research they funded [28] . While these reports are building blocks for future policy, Kingdon's analogy of a primeval soup fittingly describes the evolutionary process by which finalized policies are formed.
While formation of IC policies in the primeval soup center on technical feasibility, values-based negotiations are still very much a part of the process, perhaps trumping technical consideration in many cases. In IC policy, there are several points on which key players may disagree, including: calibration frequency and method, percent coverage that must pass a certain threshold, and the value of that threshold. Multiple solutions may have similar enough technical validity, ultimately resulting in a valuesbased decision making process.
Political Stream
The political stream describes the propensity for policy change in the current political environment. In Kingdon's analysis of federal legislative bodies, political environment typically refers to the distribution of political party affiliation [8] . However, he notes that this is not an exclusive interpretation of political environment, and in fact, within transportation regulation there is a distinct lack of political party affiliation. In this paper, we investigate surrogate ideological affiliations that may guide decision making processes.
In his theoretical formulation at the federal level, Kingdon locates primary decision-making authority with political appointees. He prescribes only minor decision support to civil servants. However, in highly technical institutions such as DOTs it is possible that the balance of power between political appointees and civil servants may be distributed differently.
Policy Entrepreneurs
Policy entrepreneurs serve to raise awareness and garner support for issues, problems, and solutions within the surrounding network. Policy entrepreneurs are ultimately responsible for orchestrating the alignment of Kingdon's three streams. Kingdon identifies three categories of incentives pursuant of the entrepreneur: (1) personal interest, (2) values promotion, and (3) pure enjoyment of the game [8] . Kingdon does not, however, discuss which incentives may be more or less likely to prevail in a given policy arena. Interestingly, it appears that the values promotion category of policy entrepreneur exemplifies many attributes associated with RRI literature, namely a strong ethical commitment to maximizing societal benefit [14] [15] [16] 18 ].
Kingdon rightly identifies the critical role of the policy entrepreneur in the agenda setting process. The framework may however underappreciate inequalities in power and resources between various stakeholders and policy entrepreneurs assuming roles at different locations within a network. For example, Blackman [31] discusses the disproportionate weighting of financial power in the context of the tobacco industry lobby at state level. Further, Kingdon's theory does not characterize the different roles that policy entrepreneurs may assume with respect to their allocated resources. Interestingly, the IC case study identifies entrepreneurs at different levels of the network with markedly different roles and resources.
Joining the Streams
Policy issues reach the decision agenda via policy windows that are opened during the confluence of the three streams. According to Kingdon, the opening of these windows is due to a combination of serendipity and influence of policy entrepreneurs. According to Kingdon, the three streams exhibit a dynamism that evolves independently and coincidentally to one another, coupling only at critical moments [31] . Several authors have noted a more connected relationship between stream developments. Kelly [11] , applying the framework via examination of state level policy related to public schools, noted that state legislative bodies are not free to act as autonomously as federal entities, indicating that a purely independent development of the three streams is questionable. Harrison et. al. [9] found that for scientific-bureaucratic institutions, the problem and political streams exhibited a high degree of overlap. This study, in fact, identifies a strong coupling between the problem and policy streams.
Indeed, the confluence of the three streams relies upon several factors that vary with specific instance. One component, however, seems rather universal to bolstering convergence: the role of the policy entrepreneur. Nearly all of the supporting literature has identified the critical importance of individual champions within institutions to initiate various activities that ultimately coalesce to drive policy innovation (e.g., [11] , etc.). Policy entrepreneurs exert their time, energy, reputation, and money to join together the three agenda-setting streams.
Methodology
We conducted interviews in order to investigate causal relationships and key players in the policy reform and innovation diffusion process. Interviewees included members from several state DOTs, comprising employees from both central and district offices, FHWA officials, construction contractors, and QC/QA contractors. The position of interviewees ranged from project managers, to research engineers, to materials engineers. Participants were initially selected by cold calling individuals connected to intelligent compaction by technical reports. Additional participants were identified in a snowball fashion, whereby interviewees were asked to suggest other candidates from their professional network.
The process was considered complete once we had collected data from participants at all affiliations deemed important by the interviewees. Additionally, at this point, conclusions drawn from interview materials tended to converge.
Interviews were conducted face-to-face and over the phone, typically lasting about an hour. A predetermined set of questions was asked first (given in Appendix A), with the remainder of the interview being a free-form discussion allowing participants to direct the conversation into rich areas. All interviews were recorded for analysis purposes and coded using Dedoose (see www.dedoose.com).
Dedoose is an online qualitative data analysis tool. We used this tool to facilitate the organization and quantification of interview results.
In all, eleven participants were interviewed. The demographics of the participants are presented in Table 1 . It can be seen that there is a wide range of education levels, affiliations, positions, and years of experience captured by this group of participants. Interview participants consisted of 10 males and 1 female. Congruent with Schachter [32] , the transportation industry is noted to be a male dominated field.
The majority of this study's participants had college level education. With regards to participant affiliation, a relatively large number of DOT officials were interviewed because the DOTs control the regulation process. As this is a case study on QC of constructed materials, we interviewed a majority of materials engineers. It is worth noting that research engineers are also concerned with advancing the practice of materials engineering. A professional engineering (PE) license is an important distinction to hold in this industry, which is why all but one participant was a PE. Finally, the demographics of the interview participants indicate that people tend to have long tenure in the industry. 
Analysis
We use Kingdon's theoretical framework [8] to analyze the technology assessment and adoption practices of the highway construction industry through a case study of IC. The framework generally applies well to the IC case study; however, coincident with the literature, the specific application of Kingdon's theory to the IC policy environment does reveal certain limitations. In tandem with Kingdon's framework, we consider responsible technology assessment concepts, e.g., ethical motivation and technological governance, with respect to IC diffusion and adoption within the highway construction community.
First, this research identifies the importance of personal character among key players, with respect to both problem definition and innovative championship. Second, regulation with state and federal departments of transportation (DOT) is a highly technical policy making environment, resulting in some deviation from Kingdon's original formulation. Third, while we found policy entrepreneurs to exist at all levels of the policy making environment, this research found the most predominate roles to be internal to a DOT. We find policy entrepreneurs to posses ideologies congruent with RRI literature, providing an opportunity to draw on these two frameworks simultaneously. Finally, we address certain limitations in applying Kingdon's theory to the joining of the three streams in the DOT regulatory environment.
Contrary to Kingdon's general theory, we identify a tight coupling between the problem and policy streams in the case of IC diffusion at all times, rather than solely during the formation of policy windows.
We also address the prevailing path by which IC policy is ultimately raised to the decision agenda.
Personal Character
The personal character of key players and stakeholders critically impacts innovation diffusion and acceptance in the IC policy environment. Kingdon [8] notes that personal character may play a role in explaining the motivations of policy entrepreneurs. However, we found this theme to run much deeper.
Not only is personal character paramount in explaining the behavior of policy entrepreneurs, but it also defines ideological affiliations of participants in the political stream. Kingdon's theory minimally explores of the powerful impact of personal character, and its prevalence here is perhaps unique to the highway construction sector in which there is a distinct lack of external motivators for participants.
This section discusses how personal character applies to individuals in the network. Of particular importance is the degree to which individuals possess an intrinsic proclivity towards innovation.
Furthermore, policy entrepreneurs demonstrate extremely unique personal quality by challenging the status quo, often enduring personal and professional risk to promote innovation. RRI speaks of the expanding occupational responsibilities of technologists to evaluate the societal benefits and risks of innovations [15] . Are individuals with a proclivity for innovation merely risk prone, or are they striving for the ethical guidelines being pioneered in RRI literature [15] ? This research indicates that, regardless, an individual's intrinsically felt obligation to improving societal quality stems from personal character, even in the face of significant risk or obstacle. In the following section, DOT Regulatory Environment, we discuss personal character in the more general context of the political environment.
Project level implementation of IC is very specific to the personal character of the participants involved. Personal character impacts how, and if, the problem is defined depending on whom is being asked. This study reveals that general tendencies toward innovation appear to be truly sustained at the personal level. This study ultimately identifies the importance of personal character over institutional character, with respect to both problem definition and innovation championship.
Innovation Proclivity
Nearly all participants in this study identified innovation proclivity as a critical driver to the acceptance of IC diffusion. Many study participants further related this characteristic to an individual's outlook on change in general. One participant stated, "Personalities, one word...", when asked to comment on DOT climates that may foster or hinder innovation. There were references to individuals that were either innovators or "sticks in the mud". While there is likely to be a much smoother gradation of a person's level of innovation proclivity, this personal characteristic was a central theme.
In the case study on IC, there is hardly a clear distinction between a "situation" and a "problem".
An individual's innovation proclivity impacts this distinction. In the case of IC, this personal characteristic can even serve as a more critical decision making factor than exposure to technical and visual evidence of performance improvements. In fact, one participant indicated that often times personal character can outweigh technical research and field validation of IC with disinterest and lack of acceptance. This statement indicates that, at least for some individuals in decision making for technology adoption, institutional inertia can be a stronger driver than the ethical criteria of societal benefit that an RRI framework places on technical decisions. At the very least, one's innovation proclivity impacts the way they interpret policy alternatives and problems, not to mention what values they base their decisions upon.
What makes an individual tolerant of innovation and risk? To answer this, we can leverage the large body of literature concerning innovation. Our study found a positive correlation between level of education and proclivity towards innovation, with 100% of participants with advanced degrees having specific examples of supporting an innovation. This concept concurs with prevailing literature, which suggests that individuals with an advanced structural organization of knowledge are better innovators [33] . We did not find any correlation between age and innovation, further supporting claims that innovation tendency is independent of age [33] . In interviews, supporters of innovation were often described as capitalizing on membership to sizeable professional networks, which agrees with research that shows a statistically significant correlation between one's personal network and diffusion of innovations in housing construction regulation [34] . Interviewees particularly emphasized the role of professional networks in providing exposure to a variety of ideas and demonstrations, and commanding a degree of credibility contributing to the capacity to spread ideas.
In addition, this research has identified cases where participants claimed to be innovative and open to new technologies such as IC, yet the practical reality appeared otherwise. No participant was, however, an explicitly, self-proclaimed hindrance to innovation.
Policy Entrepreneurs
Of the incentives for policy entrepreneurs that Kingdon discusses, the most pertinent to IC policy is that of values promotion. The policy entrepreneurs identified in this study had no personal gain from the success of IC and did not appear to be "policy groupies" ( [8] , p.123). Beyond Kingdon, we identify this type (i.e., values promotion) of policy entrepreneur to reflect RRI ideologies, in that they exemplify an ethical motivation to provide the most progressive and appropriate products and policy to society. This sense of social responsibility can be seen in their perseverance in the face of significant institutional inertia and lack of personal benefit .
Most important to understanding ideological stances, we look at motivation. An individual's stance on innovation and risk can be motivated either intrinsically or extrinsically. A study surveying eight DOTs found that the institutional incentives for innovation consisted solely of recognition [35] .
Incentives that were mentioned included recognition in newsletters, and notoriety from technical conferences. Study participants reported that these extrinsic incentives do not drive policy entrepreneurs.
Participants resoundingly attributed personal character, i.e., intrinsic motivation, as the dominant catalyst for policy change. Interviewees described champions of innovation as risking their short-term performance goals and professional reputations. One participant said of innovating, "You're swimming up Niagara falls, and your reputation is on the line". Yet, these individuals are the key to developing the political stream, and are active proponents of RRI principles.
DOT Regulatory Environment
The structure of the DOT has specific implications on Kingdon's theory. The DOT regulatory environment is referred to herein as a scientific bureaucracy [9] . So-called scientific bureaucracies are said to privilege scientific research as the basis for bureaucratic policy output [9] . We find this feature to significantly impact the implementation of socially responsive innovation in two ways. Firstly, rather than political affiliations, which Kingdon discusses as the most relevant ideological affiliation guiding agenda setting, we found participants identified themselves along lines of their proclivity for innovation. In this regulatory environment, we found this proclivity for innovation to be deeply rooted in participants' perceived sense of social obligation. Secondly, the heavy weighting of scientific research in the decision making process creates additional barriers to societal feedback. For example, where Kingdon finds political appointees to have a strong influence on agenda setting, in DOTs we find career bureaucrats, with no explicit societal representation, to hold the majority of power and resources over regulatory reform. Further, this regulatory environment exemplifies the fact that senior policy makers work at some distance from the actual decision-making process at the regional level regarding the choice of innovative technologies and new organizational processes [36] .
Ideological Affiliation
Proclivity to innovation and risk taking are the most relevant ideological affiliations to this case study, as opposed to political party as discussed by Kingdon [8] . Individuals throughout the network can either contribute to or impede the progress of a policy change related to IC. In interviews, the innovation proclivity characteristic appeared to be the strongest indicator of their support for adoption. The dominance, or lack thereof, of this ideology can vary highly from state to state, and within different networks in the same DOT. Changes in the political makeup of a DOT network depend primarily on turnover of positions. Some participants felt that long term shifts in political makeup were occurring due to promotion criteria and practices. While this phenomenon seems possible, studying these changes was beyond the scope of this study, and would be worth further consideration.
Personal ideology underlies the discussion not just on innovation proclivity, but an individual's perceived societal obligation as well. As previously mentioned, policy entrepreneurs within the DOT regulatory environment appear to operate without expectation of personal gain. Instead, they are compelled by a sense of ethical responsibility to provide society with the most progressive and appropriate product and/or policy, despite significant institutional inertia and potential risk to their professional reputation.
Bureaucrats vs. Political Appointees
Kingdon stresses the role of political appointees in defining the political environment, suggesting the existence of a top down power structure: "the appointees, not the career civil servants, are the movers and shakers" ( [8] , p30). Our findings, however, indicate that this model for federal policy agenda setting differs considerably from state transportation construction policy agenda setting. None of the study participants indicated the influence of the politically appointed DOT directors to be a significant factor in IC adoption, or innovation in general. DOT regulatory reform appears to occur outside the influence of appointed positions and in fact, civil servants tend to operate as policy entrepreneurs.
This agenda setting structure is perhaps due to the highly technical nature of infrastructure construction. Specialists, in the form of civil servants, are disposed with more agenda setting power than
appointees. Yet some DOTs are clearly the front runners in use of IC, suggesting the presence of unique conditions at these DOTs. Identifying the institutional positions within which these entrepreneurs act is the first step in understanding a political environment.
We propose a method for identifying a DOT's ideological distribution through a classification system based upon participant interviews. The manner in which a political environment becomes conducive to policy change involves strategic, albeit serendipitous, positioning of four key roles presented in Figure 1 . First, there are "policy explorers" that manifest problem awareness and demonstrate technical feasibility, often having to battle institutional inertia. Interviews revealed these individuals to exist as DOT research engineers, DOT district engineers, and construction contractors. For an innovation to proceed to the next level, explorers must make a successful hand off to "policy pioneers". Pioneers are individuals willing to expend political leverage, energy and resources to implement a new technology, such as IC, on DOT projects. This entails passing a special specification for the project, requiring political influence that can typically only be exerted by a DOT District Engineer or a contractor. Special specification passage generally requires an iterative interchange between the these two key roles, i.e., explorers and pioneers. Upon successful implementation of the innovation via the special specification, it can be considered for full adoption by the gatekeepers, whom often sit on a specification review committee.
Gatekeepers provide a final interpretation of the overall innovation adoption impact to aid in the specification reform process. Specification review committees vary in composition between states, but often include chief engineers and division engineers. Gatekeepers also include certain outside organizations, including funding agencies (e.g., FHWA) and professional organizations (e.g., AGC) that that participate in the specification review process. Finally, there must be leaders willing to endorse an unaccepted technology via a vast political network. Leaders are critical in coordinating and motivating the hand-off between the aforementioned levels. This power anecdotally resides in high ranking management positions. When there is ideological alignment of individuals in exploring, pioneering, gatekeeping, and leadership roles, the political stream is ripe for innovation-based policy agenda setting.
The four roles described in this section encompass all the policy pathways that were identified through our case study. The roles mirror the three phases of the reform process, namely, research, special specification, and statewide specifications, and the overarching role of leader. If other phases or policy pathways exist, there may be other roles. Further case studies, especially in the transportation and construction industries, would be helpful in assessing the existence of other pathways and roles.
Regardless, these four roles may provide a useful framework for policy makers to improve DOT operations via the pathways we have established.
It is conceivable that this framework may extend to regulatory reform in other cases. We anticipate that this framework is most likely to apply to scientific bureaucracies that rely heavily on evidence based rule making, such as when pilot deployments or demonstrations are critical steps to gaining acceptance and achieving adoption. As this case study represents an extension of Kingdon's theory to the state level, it is unclear what limitations may exist in applying this framework to federal and other levels of government. For example, we identified State DOT regulatory reform as being dominated by career bureaucrats, whereas Kingdon identifies political appointees being the most influential in federal policymaking. Future work exploring the applicability of the four roles identified here to other levels of government would contribute to this analysis.
Key Roles of Policy Entrepreneurs
Coincident with Kingdon's theory, policy entrepreneurs can exist at any level or position within the political environment surrounding IC. However, the vast majority of policy entrepreneurs identified by participants in this study were DOT employees. This research has specifically identified policy entrepreneurs within a DOT in the roles of research engineers or district level engineers. These employees possess the resources to build support and ultimately promote the subject to a level of authoritative decision and specification. External contractors have also been carriers who brought IC into a project at their own interest and expense, but this appears to be the exception. Surprisingly, the IC equipment manufacturers, who perhaps have the most to gain from a policy change, appear to have no direct representation in the form of a policy entrepreneur.
The most common source of problem identification is via internal promotion within a governmental agency, be it a state DOT or federal authority. This research has identified policy entrepreneurs at various levels within both state and federal organizations. Whether a research engineer or district manager, all study participants indicated the necessity for policy entrepreneurs to bring the problem to the attention of key players. Entrepreneurs are responsible for actively raising awareness to convince colleagues in positions of power that IC was an endeavor worthwhile.
Research and district level engineers are each dispatched with distinct powers that enable them to be effective policy entrepreneurs. Research engineers are the technical experts of the DOT organization, making them a collection point for technical problems in the organization and giving them the credentials to suggest solutions to individuals across the DOT. Furthermore, these individuals are given funds to conduct research, including pilot projects, which we have identified as a key mechanism for spreading problem awareness and getting support for policy solutions. Research engineers are able to leverage their credentials and funds, in combination with their professional networks, to couple the problem and policy streams.
District level engineers possess considerable decision making power due to the decentralized nature of DOTs. Respondents unanimously agreed to the near autonomy of districts in conducting their projects. One interviewee said "the district is the customer," implying the central office provides services to the districts as opposed to managing them. If a district engineer decides he wants to use an innovation on a project, he holds the political power to put related policy issues on the agenda. Specifications still need to be approved by a committee that may contain other district engineers and high ranking officials in the central office, but the agenda setting for special specifications is controlled at the district level.
Policy entrepreneurs may also be external to the governmental agency, residing at the level of external contractors. In sparse cases, a contractor has taken initiative to suggest or integrate usage of IC on a specific project. As mentioned, the motivation here is achieving improved quality and/or cost efficiency. For example, one respondent cited a contractor using IC to provide additional as-built construction documentation in the advent of future litigation. Regardless of specific motivation, this form of diffusion appears less common without mandate or specification due to lack of incentive. In addition, self promotion of IC use tends to be a luxury reserved for larger contractors responsible for larger projects.
Surprisingly, we did not identify any policy entrepreneurs from equipment manufacturers. It would seem that these companies would stand much to gain from IC reaching the decision agenda, thereby increasing market penetration. Representatives of manufacturers (and their dealers) seem to almost exclusively court contractors with this technology, despite the importance of DOT buy-in. It is worth noting that equipment manufacturers will contribute equipment and engineering time to pilot projects, but this typically results from partnerships with contractors or researchers. Their lack of interest in the policy realm appears a function of their business model, which does not promote interaction with governmental bodies.
Joining of the Streams
Kingdon discusses the confluence of streams as policy windows, critical points in advancing policy issues when an opportunity for the issue to reach the decision agenda exists. Yet, in our case the policy and problem streams are coupled very early in the process by policy explorers (and sometimes others). The political stream is often the last stream to join, resulting in what Kingdon identifies as politically activated policy windows [8] . The joining of the political steam, and thus the opportunity for the issue to reach the decision agenda, is conducted by policy pioneers (discussed in the "bureaucrats vs.
political appointees section").
Problem and Policy Stream Coupling
Pilot studies are the mechanism by which problem and policy streams become coupled. While the development of either of these streams may occur independently through other mechanisms, participants reported pilot studies as the predominant method for building both streams. The research aspect of pilot projects provides policy recommendations by establishing the technical validity of various implementations. Pilot projects often simultaneously invite members of the policy community for field demonstrations, which give firsthand experience that is particularly poignant in punctuating the problem to individuals. This tight coupling of problem and policy streams is not recognized in Kingdon's book [8] , and may be a feature specific to highway construction.
We identify policy entrepreneurs and their critical role in punctuating the problems and promoting policy solutions connected with IC. In all cases, direct exposure to IC has been reported to be highly successful in coupling problem punctuation with policy solutions. One participant noted that direct exposure via field demonstrations brings a certain concrete interaction and awareness that is difficult to achieve by simply reading technical reports or specifications. Another participant recalled a rather telling response of a DOT official following an IC field demonstration: "Wow, I didn't realize...and I guess it's a no brainer, we ought to do this…", and thus establishing the problem stream for IC in mind. Only once an idea takes hold in people's minds can it become institutionalized as policy reform [10] .
Political Stream Coupling: Opening of Policy Windows
According to Kingdon [8] , issues reach decision agendas when the three streams are joined through a transformation in the political stream or novel problem identification. We define IC as 'reaching the decision agenda' when its usage on a project is suggested by either the DOT or a contractor resulting in initiating formation of a special specification. No states currently have a statewide specification for IC, so this case is not considered. This section discusses various aspects of the opening of policy windows.
Our research shows that the joining of streams happens predominantly through politically activated windows. The individuals responsible for opening the policy window are policy pioneers (discussed in the "bureaucrats vs. political appointees section"), who are typically district engineers. In rare instances, these policy pioneers could be external to the government, but this appears to be contingent on the contractual structuring of the project. We also discuss specific economic aspects of the IC technology that impact the opening of policy windows.
In the case of IC, proper alignment of ideologies between the four key roles discussed in the DOT Regulatory Environment section provides a critical window of opportunity. The key roles of exploring, pioneering, gatekeeping, and leadership represent the minimum support structure necessary to pass new specification. The problem and policy streams already pose a tight coupling in this industry. A political alignment is necessary because policy changes require individuals to place themselves at risk, which they will not do without an understanding that the necessary support exists.
Of particular note in this network is the role of policy pioneers, who again are the ones that exert their influence to formulate the use of IC on a project. These individuals' reputations are directly attached to the projects they work on, and we must stress the overwhelming sentiment of respondents that failure Interestingly, our study only found contractors as policy pioneers on Design-Build (DB) projects.
DB is a contracting structure in which the contractor is responsible for designing the structure. This is in contrast to the more typical Design-Bid-Build (DBB), in which the design phase is conducted by another entity. Two aspects of contracting appear to make DB better suited for supporting contractor initiated innovation: award criteria and control over design. The awarding criteria for DBB projects is typically lowest cost, while DB often supports best-value evaluation. DB provides the opportunity for contractors to consider innovations like IC that provide added value at an added cost. Another advantage of DB is that it allows contractors to discuss novel ideas early in the design phase. This is critical for technologies like IC that impact the design of the structure through soil selection and placement guidelines. The DB structure expands the window of opportunity for contractors to act as policy pioneers and bring an issue to the policy agenda.
The up-front investment for a technology is also a critical factor in understanding the formation of viable policy windows. Multiple interviewees provided non-IC examples where contractors could often be more effective at implementing innovations at municipalities because there was a closer working relationship and less bureaucracy. However, innovations with a high initial investment, such as IC, would be unlikely candidates to appear first on small municipal projects. Implementation of these types of technologies therefore depends more heavily on the innovation-based policy reform practices of state DOTs discussed in this paper.
Conclusion
U.S. DOTs face a tough road ahead with constricting budgets and deteriorating highway conditions. Technological innovation is one means to alleviate this pressure, but the highway construction industry is notoriously slow at adopting new innovations. In this paper, we have sought to understand this innovation adoption process through Kingdon's theory of agenda setting and in the context of responsible technology assessment and adoption processes. Our intention was three-fold: (1) to provide insights into DOT policy reformation processes that we hope the industry will find useful in creating robust technology assessment and adoption practices, (2) to add to the body of literature on responsible technology assessment and adoption by contributing a case study from the highway construction industry, and (3) to investigate the applicability of Kingdon's theory of agenda setting to an industry that is highly technical, risk averse, and bureaucratically decentralized. This paper highlights four critical points regarding the responsible assessment and adoption of innovations in the highway construction industry, specifically in the case of IC. providing an opportunity to bridge and concurrently apply Kingdon and RRI frameworks. Analysis revealed that institutional incentives for supporting innovations were not the main drivers for adoption, and there exists a conservative culture that hinders change.
Second, the highly technical nature of DOT policy making creates a challenging environment for including societal feedback. This feature complicates the interpretation of Kingdon's original presentation of his framework. This technical policy environment results in a need to redefine ideological affiliations as a proclivity towards innovation, i.e., rather than political affiliation. Further, this environment promotes a reversal of Kingdon's idea that political appointees catalyze change, as opposed to civil servants. Instead it is clear that it is the career civil servants that need to be the movers and shakers for regulatory reform.
In future applications of Kingdon's framework, the role of bureaucrats in agenda setting should be evaluated on a case-by-case basis.
Third, we expand upon Kingdon's idea of policy entrepreneurs so far as to define four roles these entrepreneurs fulfill in the DOT technology assessment and adoption process, namely the policy explorers, policy pioneers, gatekeepers, and leaders. The identification of these roles may assist DOTs in creating more robust assessment and adoption practices through the alignment of these individuals. We suggest that future research investigates whether these roles generalize to other institutions.
Finally, rather than the convergence of the three streams at a single policy window as Kingdon suggests, we identify a tight coupling between the problem and policy streams that precedes IC reaching the decision agenda. This is in agreement with other literature that draws into question the dynamics of Kingdon's stream coupling [9] . Kingdon's theory is, however, useful in addressing the prevailing path by which IC policy is ultimately raised to the decision agenda via a politically activated window. Stream coupling plays a defining role in policies reaching the decision agenda. In the case of IC, field demonstrations appear to be an effective mechanism for coupling streams suggesting that these efforts are crucial to innovation adoption.
It is our hope that these contributions will provide tools that help manage responsible research and innovation adoption in the highway construction industry.
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